Introduction
Sensory impairments are extremely prevalent (80-90%) in individuals with autism spectrum disorders (ASD) and contribute to the maladaptive behavioral profile of these disorders (Rogers and Corresponding author: Roseann C. Schaaf, Thomas Jefferson University, 130 S. 9th Street, Suite 810, Philadelphia, PA 19107, USA. Email: roseann.schaaf@jefferson.edu Autism 16(3) Diagnosis of autism spectrum disorder based on the ADI-R and the ADOS-G 2.
Between the ages of 48 months and 96 months 3.
No physical or medical conditions that affected the child's ability to participate in the active sensory motor activities that are part of the intervention protocol 4.
No significant medical or developmental conditions, including Retts disorder, Fragile X, tuberous sclerosis, or blindness/deafness 5.
Ability to follow simple verbal directions in English 6.
Evidence of sensory dysfunction as measured by the Sensory Profile total test score or the SIPT 7.
No current plan to initiate any treatment alternatives during the study period, such as a new restrictive diet program, drug or vitamin therapy 8.
Willingness to participate in a 6 week intervention with a frequency of three sessions a week Ozonoff, 2005) . Families report that sensory impairments significantly restrict full participation in daily activities and create social isolation for them and their child (Dickie et al., 2009; Schaaf et al., 2011) . Consequently, interventions to address these issues are among the most often requested and used services (Green et al., 2006) . Although preliminary data on interventions addressing sensory and motor difficulties in ASD are promising (May-Benson and Koomar, 2010) , there is a need for systematic, methodologically rigorous investigations of occupational therapy using sensory integration (OT/SI) to evaluate its safety, acceptability, efficacy, and effectiveness. Sensory integration is 'the neurological process that organizes sensations from one's body and from the environment and makes it possible to use the body effectively in the environment' (Ayres, 1989, p. 22) . The theory and treatment of sensory integration was developed by A. Jean Ayres (Ayres, 1972; , and has mainly been explicated in the field of occupational therapy. Briefly, the theory proposes that if a child is engaged in individually tailored sensory-motor activities, their nervous system is better able to modulate, organize, and integrate sensory information and more likely to use sensory information in adaptive ways (Ayres, 1972) . Components of the intervention include a sensory-rich, playful, child-centered approach, providing a just-right challenge (scaffolding) and facilitating progressively more sophisticated adaptive behaviors by engaging the child in individually tailored, developmentally appropriate play interactions (see Schaaf et al., 2009 for greater detail) . Treatment is carried out by a therapist trained in the approach and goals are often centered on improving sensory and motor abilities to: a) develop better sensory modulation for attention and behavioral control, and/or b) integrate sensory information as a basis for improved for motor planning (imitation, sequencing, learning novel tasks) as a precursor for greater participation in school, play, social, and daily living activities (Baranek, 2002) .
Based on recommendations in the literature for systematically validating and disseminating data on psychosocial interventions in autism (Smith et al., 2007) , and given the need for rigorous study of OT/SI, we initiated a feasibility study and follow the recommendations of Zwarenstein et al. (2008) for reporting on pragmatic trials of manualized interventions.
Methods

Design
A quasi-experimental pre-test/post-test design was used and ethics approval obtained from the first author's institution. Parental consent and permission to videotape treatment sessions was obtained.
Referral
Parents of children with autism between 48-96 months informed of study.
Stage 1 Screening
Telephone screening with parents. Eligible children are scheduled for phenotypic evaluation.
Children who do not meet initial inclusion criteria are excluded from the study.
Stage 2 Screening
Phenotypic assessment: ADOS-G, ADI-r, IQ Sensory Screening: SIPT, SP Children who do not meet inclusion criteria are excluded from the study.
Informed Consent
Parents and children who do not wish to participate after undergoing informed consent are excluded from the study.
Pre-Intervention Assessments
Vineland-II, SEQ
Establish Goals Establish goals using Goal Attainment Scaling methodology
Begin Intervention (n=10) 3x week; 1 hour/session for 6 weeks Post Testing SIPT, VABS-II, Goal Attainment Scaling, CSQ, Parent and Therapist rating scales Figure 1 . Parent and Therapist rating scales -a 12-item study-specific questionnaire to evaluate parent satisfaction. ADOS: Autism Diagnostic Observation Scales (Lord et al., 1999) ; ADI-R: Autism Diagnostic Interview -Revised (Lord et al., 1994) ; SIPT: The Sensory Integration and Praxis Tests (Ayres, 1989) ; SP: Sensory Profile (Dunn, 1999) ; SEQ: Sensory Experiences Questionnaire (Baranek et al., 2006) ; Vineland-II: The Vineland Adaptive Behavior Scales; CSQ: Client Satisfaction Questionnaire-8 (Attkisson and Zwick, 1982) .
Participants
Participants were recruited from the clinical population at Children's Specialized Hospital in New Jersey. Twenty-two families inquired about the study, and the first ten children who met inclusion criteria were enrolled. Eight males and two females diagnosed with ASD using the Autism Diagnostic Observation Schedule -Generic (ADOS-G) and Autism Diagnostic Interview -revised Autism 16 (3) (ADI-R) met the inclusion criteria (see Table 1 ). 
Procedures
Autism diagnosis was confirmed by an independent psychologist using the ADI-R (Lord et al., 1994) and the ADOS-G (Lord et al., 1999) and measurement of cognitive level was completed using the Stanford-Binet scale, the Differential Abilities Scale, or the Wechsler Preschool and Primary Scale of Intelligence. Participants were then evaluated to confirm sensory impairment using the Sensory Integration and Praxis Test (SIPT; Ayres, 1989 ) and the Sensory Profile (Dunn, 1999) . Next, an independent evaluator met with the parents to identify and scale goals following standardized goal attainment scaling as described by Kiresuk et al. (1994) . Figure 1 shows the participant flow through the study including screening and outcome measures used at each stage.
Occupational therapy intervention
The intervention was provided three times per week in 1-hour sessions for 6 weeks and followed a manualized protocol based on Ayres (1972) sensory integration principles. The intervention was delivered by two registered, licensed occupational therapists certified in sensory integration, and who were trained on the manual. The therapist followed a guided data driven intervention process as outlined in the intervention manual to design individually tailored treatment activities considering the child's unique strengths and limitations. The intervention is not designed to be a comprehensive treatment for autism but rather a component of a comprehensive program that includes educational, behavioral, and medical approaches.
Fidelity
Treatment integrity was confirmed using the Ayres Sensory Integration ® Fidelity Measure (Parham et al., 2007) . The measure has ten items, weighted and rated on a Likert scale of one to five, with five being strong agreement that the therapist used a particular component of the approach. A score of 100 indicates perfect adherence to an intervention and a score of 80 or above is considered acceptable (Parham et al., 2007) . This measure has been found to have an inter-rater reliability of .988 for total fidelity score, with individual item inter-rater reliability ranging from .94 to .99. Validity has been found to be strong as raters were accurately able to distinguish OT/SI sessions from other intervention approaches with 92% accuracy. All treatment sessions were videotaped and random selections of 20% were evaluated by independent evaluators trained to use the instrument.
Results
Descriptive statistics were used to summarize parent and therapist rating scales and therapist fidelity and to document adverse events. Frequency counts of existing and missing data were used as a measure of the feasibility of administering the protocol.
Feasibility
Nine out of the 10 children completed the study, reflecting a retention rate of 90%. One parent/ child decided not to participate.
We also evaluated missing data as a measure of feasibility of enacting the study protocol in this setting. We compared the total number of potential data sources with the actual number. Seventytwo percent of the pre-test data and 71% of the post test data were obtained.
In regard to parent perceptions of the feasibility of participating in the protocol, of the six parents who completed the post test feasibility rating, all indicated that it was easy or very easy to schedule treatment and to get to the facility, and that sessions were delivered on time.
Therapists carrying out the protocol agreed or strongly agreed that training on the study protocol was satisfactory for conducting the treatment sessions and that the time provided for intervention sessions was adequate to meet the child's goals, but that the time for documentation of the child's intervention was inadequate 75% of the time.
Safety
Frequency of adverse events affecting participants and study therapists were used to document safety and parent-reported perception of safety and acceptability of the intervention. There were no reports of injury among the children or therapists during the study period, indicating that the protocol was safe to deliver. Of the six parents who completed the parent rating of treatment questionnaire at posttest, all rated the environment as safe and rated the therapist as being aware of their child's safety.
Satisfaction
All seven of the parents who completed client satisfaction questionnaires indicated that they were 'very satisfied' with treatment and that the treatment received through the study was 'good' or 'excellent'. One hundred percent of these parents agreed that the intervention helped them deal with challenges faced in daily life.
Fidelity ratings
A random sampling of 20% of the videotapes of the treatment sessions were rated for therapist's fidelity as recommended by Parham et al. (2007) , yielding a total of 33 fidelity ratings. Scores ranged from 63 to 97 with a mean of 82, showing that therapists were able to maintain acceptable fidelity to the treatment protocol. Lower scores were obtained early in the study and, thus, the data driven intervention process from the manual was further explicated to guide the therapist reasoning and remedy this gap.
Discussion
We follow the recommendations of Smith et al. (2007) in the design of our clinical trial and begin with this report on the safety, feasibility, acceptance and therapist's fidelity to the manualized intervention. Although there are several studies of occupational therapy using sensory integration (see May-Benson and Koomar, 2010 , for a review), none specifically address the safety and feasibility of implementation, few measure treatment integrity, and only a handful evaluate its application to children with autism. Therefore, the acceptability of this intervention by other professionals is often questioned and rigorous study is sorely needed. Our findings take an important, initial step toward rigorous study of OT/SI, showing that our manualized protocol is safe, feasible to attend and administer, parents are satisfied, and that therapists are able to maintain adequate adherence to treatment (fidelity). Autism 16 (3) Intervention studies on clinical populations are complex because of the multifaceted issues associated with the participants and their families. This complexity is further exacerbated by the challenges inherent in studying young children with autism, who make up a very heterogeneous population (Spence and Thurm, 2010) . We found that procedural rigor with timely follow-up was essential for compliance with data collection. We identified the need for specific procedural checklists that monitor data collection, chart reviews to assure that these procedures are followed, and administrative assistance to improve data collection and documentation. We also found that explanation of the data driven intervention process (added after two participants were enrolled) was extremely valuable for the interveners, allowing them to implement the intervention with high fidelity. The data driven intervention process outlines the proposed hypotheses for the child's participation limitations (based on assessment findings) and guides the therapist in the expeditious design, conduct, and documentation of intervention while maintaining fidelity to the principles and practices outlined in the manual. These procedural enhancements were designed to decrease the number of missing data in future studies and improve therapists' adherence to the protocol, and they will be useful in future studies.
An important consideration for rigorous clinical trials is assurance that outcome measures are sensitive to detecting change in outcomes that are both close to the intervention's intent (proximal outcomes) and meaningful for the child and family in their daily lives (distal outcomes) (Lord et al., 2005) . We evaluated changes in sensory processing and praxis (proximal outcome) while simultaneously measuring changes in adaptive behavior, participation and family-identified functional goals (distal outcomes), as outlined in Figure 1 . In particular, we found that goal attainment scaling, a standardized method of documenting progress toward individual, participation-oriented goals, was useful for capturing the changes in function/participation that may be linked to changes in sensory processing as a result of the intervention. Of the six complete goal attainment scales data sets, four of the children achieved a T score of greater than 50 (range 68-78), indicating above expected achievement in their individual goals, and these results were corroborated by parent and therapist reports. Thus, goal attainment scaling does show promise as an outcome measure for the larger randomized trial. The SIPT and the Vineland-II also show promise as outcome measures for OT/SI as data were in the expected directions; however, no conclusions can be reached at this time owing to the limited data set.
Conclusion
OT/SI is safe, acceptable and feasible to administer in a short, intensive manner for children with autism and these data support the implementation of a larger randomized controlled trial. Specific procedural enhancements were identified to improve data collection, documentation, and therapists' fidelity and will be used in the randomized controlled trial phase of the study.
